There are typically two systems in use for sound reinforcement in open areas: the central, "wall of sound" system with speakers localized at the sides of the stage, and the zone system, in which additional speakers are introduced to obtain a uniform sound pressure level throughout the area of listening. In the past two decades the line array systems gained great popularity. The main purpose of their use is to obtain a uniformly distributed sound level throughout the listening area in order to achieve good speech intelligibility. The present paper aims to present an alternative and original method of sound reinforcement in open areas which is in contrast to the above solutions. This new method allows achieving a uniformly distributed sound pressure and good speech intelligibility in the area of interest, and also allows to gain spatial sound impression that accompanies sound reproduction in concert halls. Another advantage of the proposed system is the reduction of the sound level outside the area of interest, i.e. reduction of the noise level outside the area of listening.
Introduction
During the sound reinforcement in open areas with so called "wall of sound", there are two ways to create the acoustic field: in small areas, by using high power loudspeaker sets localized centrally (on the stage) and, for large areas, by using the zone sound system (Hojan, 2003; Ishizawa et al., 1998; Toole, 2008] . An alternative method is the use of line array systems which, compared to the "wall of sound", provide a more uniform distribution of the acoustic field across the entire area of listening (Ureda, 2001 ). The main purpose of their use is to obtain a uniformly distributed sound level throughout the listening area in order to achieve good speech intelligibility but other parameters describing the properties of the acoustic field in the object are ignored.
In the case of listening in concert halls and opera houses, many authors (Ando, 1985; Beranek, 1996 ) draw attention to a number of parameters, such as the "Clarity" group parameters, the parameters relating to speech intelligibility on the analysed object, or the "Lateral Sound" group parameters, very important when listening to music.
Unfortunately, in the case of outdoor concerts, because of the dominance of the direct sound from the sound sources, particularly the spatial sound impressions are considerably limited (Meyer, 2009) . It is this factor that has led the authors to propose a sound system for open areas that would allow obtaining simultaneously a uniform sound reinforcement in the area of interest, good speech intelligibility, and spatial sound impression similar to that achieved in concert halls.
It should also be noted that in the case of sound reinforcement in open areas, a high noise level is emitted outside the area of listening. It is usually very inconvenient to the outsiders. The proposed system for sound reinforcement in open areas allows a considerable reduce of that noise.
Formulating the objective of the research
The objectives of the present paper were ( Fig. 1 
Sound system description
To generate an acoustic field with the properties described above, a multi-channel sound system was utilised. This system consists of the main and additional sound sources. The sound emitted by instruments without any amplification, as well as loudspeaker sets on the stage as the main and central sound sources can be used. Additional sound sources are extra loudspeakers which simulate the sound reflected from walls, as it occurs indoors.
The system should ensure in the examined area the sound quality equivalent to that achieved in closed rooms with good acoustic properties. It should ensure values of the sound parameters equally good to ones in good concert halls, and minimise the noise outside the area of listening. The image source method was used in an inverse order (Gołaś, Suder-Dębska, 2010) to synthesise the structure of the sound sources distribution in the open area, further referred to as the inverse image source method. In general, the method is to assume the desired properties of the acoustic field on the object, and the distribution and parameters of the sound sources ensuring the effect which is as close to the expectation as possible.
Inverse Image Source Method
The image source method is one of the geometrical methods which, for a specific area with determined geometry and acoustic parameters, and for a predefined localization of the sound sources, allows to determine the parameters of the acoustic field. The idea of the Inverse Image Source Method is presented in Fig. 2 . The Inverse Image Source Method involves an innovative use of the conventional image source method to solve the inverse problem. It means that, on the examined object (open area), the type of the desired acoustic field, its acoustic parameters, is initially assumed, and then, based on the inverse image source method, the distribution of additional sound sources which surround the reinforced area, their power, and delays are determined in such a way that the acoustic field with the assumed properties is created. These additional sound sources imitate sound reflections from the wall. The algorithm of the inverse image source method (Fig. 3) can be briefly described as follows:
1) determining the desired values of acoustic parameters; 2) determining acoustic parameter distribution on the examined object for a conventional sound system type;
3) determining, based on the inverse image source method, the distribution and parameters of additional sound sources creating the acoustic field on the object with the properties as close to the predefined quality criteria as possible.
Analysing the central system
Numerical simulations of various types of the central sound system were performed based on the EASE software.
An open area dimensioned 24 [m] × 32 [m] was assumed as the analysed object. For the examined area, asphalt surface, air temperature 20 [
• C], and humidity 60 [%] were assumed. Simulation tests were performed for the conventional central system with loudspeakers localized at the sides of the stage. Figure 4 shows the model of the analysed object. Table 1 . Figure 5 shows the distribution of the SP L parameter for two Community WET315-94 speaker sets localized at the sides of the stage. Figure 6 shows the distribution of the LF parameter for the system as above. According to the simulation results, in all configuration cases the speech intelligibility is excellent, which is not surprising with the direct sound from the main sources at the sides of the stage dominating on the object. Yet, the clarity parameter in music perception is exceeded (high C 80 values). Spatial impressions are very poor as well, as indicated by the LF and LF C values of the order of a few percent. The difference is noticeable only in the case of the SP L parameters, it is, however, dependent on the parameters of individual loudspeakers. Consequently, from the analysed configurations, the highest SP L values can be achieved using EAW loudspeakers, and the lowest from Peavey loudspeakers.
Multi-channel sound creation system in the open area
Numerical simulations of a multi-channel sound creation system were performed based on the EASE software.
An open area dimensioned 24 [m]×32 [m] was assumed as the analysed object. For the examined area, asphalt surface, air temperature 20 [
• C], and humidity 60 [%] were assumed. So, it was an object identical to that analysed for the central sound systems. The difference is that the new sound system was used in the case of the multi-channel sound creation system, composed of the main sources on the stage and additional, delayed, sources of sound surrounding the auditorium, and their sound power levels reduced adequately in relation to the sound power levels of the main sound sources. The main sound sources are two loudspeakers placed at the sides of the stage, with 102 [dB] sound power level each, and the parameters of the additional sound sources are given in Table 2 . A schematic distri- bution of the sound sources is given in Fig. 7 , where I and II are the main sound sources. The multi-channel sound creation system described was built based on the inverse image source method. For the object described above in the EASE 4.3 software, the acoustic field was simulated using geometrical methods with taking into account the interference between individual loudspeakers ("All source contributions are added first in a complex manner and then the resulting complex sum squared. This retains all the phase effects such as cancellations and additions" (EASE, 2009)).
Mean values of the acoustic parameters described in the introduction obtained in the area of interest with the proposed multi-channel sound creation system are given in Table 3 . Table 3 . Mean values of the acoustic parameters achieved in the reinforced area with the multi-channel sound creation system (with Visaton BG17 speakers).
multi-channel sound creation 76.9 88.3 10.5 15.9 13.1 17.8 1.9 0.83 system Figure 8 and Fig. 9 present, respectively, the distribution of SP L and LF parameters in the reinforced area for the multi-channel system for sound creation in open areas.
According to the performed simulations, the sound pressure level in the area of interest is relatively uniform -in almost 90 [%] of the area, the SP L differences are below 6 [dB], speech intelligibility is at a very good/excellent level, as indicated by the values of Def- 
Noise outside the reinforced area
As already mentioned, in the case of concerts taking place in market places, squares etc., the problem of sound emitted outside the reinforced area emerges. Particularly, in the case of events lasting several days, the noise may be very strenuous to persons staying nearby. Therefore, according to the authors, it is essential to reinforce the sound in open areas in such a manner so that the sound emitted outside was as quiet as possible. Therefore, the area dimensioned 84 [m] × 92 [m] in the centre of which the open area of interest is located (the sound level was analysed in the area surrounding the object, in the radius exceeding 40 metres) was also analysed. The analysis was performed for two sound reinforcement configurations, the central sound system for EAW KF750F loudspeakers, due to the fact that they emitted the highest noise level within the reinforced area, and for Peavey IMP652S loudspeakers, since they emitted the lowest noise level, and the third configuration was the proposed multichannel system for sound creation in open areas. Table 4 presents the simulation results. Noticeably, the highest differences between the mean values of the SP L parameter inside and outside the reinforced area can be achieved while using the multi-channel system for sound creation in open areas. While using the central loudspeakers configuration, the noise level outside the area is very high and clearly depends on the power output of the installed speakers. The differences between the values of noise level from the multi-channel system for sound creation in open areas and the noise level from the central systems are of the order of some over twenty decibels with the advantage of the multi-channel system. Furthermore, it has to be stressed that for the multi-channel system for sound creation in open areas the noise level emitted in the distance of around 40 metres from the reinforced area is close to the background noise, whereas for the central system the noise level is from 69 [dB] to even above 80 [dB].
Summary and conclusions
As the analysis carried out indicates, the proposed multi-channel system for sound creation in open areas allows to achieve a relatively uniform sound pressure level across the area of interest and good/satisfactory clarity of sound for both music and speech with a good/very good mark. A considerable improvement of spatial impressions is noticeable after utilising the multi-channel sound system -when used, the LF and LF C parameters are within the range recommended for concert halls. Without the system, the LF and LF C parameters are of several percent values, which means they are too low. As it could have been expected, after introducing additional loudspeaker sets surrounding the listener, the intelligibility of speech decreased, but the ST I and AL Cons parameters prove that it still remains at a good/very good level.
As a result of analysis performed outside the area, it can be stated that the use of the proposed multichannel system for sound creation in open areas may allow reduction of the noise emitted outside the area. In the least favourable case, the reduction is around 20 [dB] , whereas in the best case, the reduction may be even above 35 [dB] . It is of essential importance, especially considering the fact that for the proposed system, only within 40 metres from the reinforced area, the noise level achieved is below 50 [dB], so its value is close to the background noise level.
To sum up, it should be concluded that the multichannel system for sound creation in open areas may fulfil the objectives assumed, namely, it can create, within the area of interest, an acoustic field with the properties close to that of rooms (closed spaces) and, at the same time, allow to reduce the noise outside the reinforced area.
The proposed system exists only as a computer model at the moment. Using some components of the multi-channel system (Ciesielka, 2009 ) (e.g. loudspeakers, amplifiers, signal processors), an attempt was made to build a true multi-channel system for sound creation in open areas based on the inverse image source method. First preliminary studies of this system in a measured object and results of the measurements confirm the results obtained through the simulations (Gołaś et al., 2011) .
